Background: The plasma level of D-dimer (DD) on admission is useful as a prognostic marker of head injury. Methods: Eighty patients with isolated blunt head trauma were grouped according to the type of brain parenchymal injury using MRI. The differences in the DD levels among the groups, and the correlation between the DD levels and the patients' outcome, were investigated. Results: All patients were categorized into the following groups: diffuse axonal injury (DAI, n=24), cerebral contusion (CON, n=47), and no intraparenchymal lesion (NIL, n=9). The DD level was significantly higher in the CONgroup than in the other two groups. In the CON-group, the patients with an unfavorable outcome had significantly higher DD levels. In the DAI-group, however, the DD level remained generally low regardless of the outcome. Conclusions: The DD level was sensitive to the type of brain injury. In the DAI-group, however, the coagulation-fibrinolysis activity was not accelerated to as great an extent as it was in the CON-group, therefore even the DD level was not a good prognostic indicator. (JJAAM 2004; 15: 243-9) 
INTRODUCTION
Abnormal acceleration of the coagulation cascade during the early phase of head trauma is a well-known entity1,2). This process subsequently initiates fibrinolysis, resulting in the formation of molecular markers, such as min inhibitor-plasmin complex (PIC), and the D-dimer (DD). Since these markers are nearly undetectable in normal plasma, elevated levels reliably indicate excessive coagulation-fibrinolysis activity, whether or not this process is manifested clinically. The DD, in particular, is the direct evidence of defibrination and is the ultimate product of the activated coagulation-fibrinolysis cascade; thus, the plasma DD level is considered to reflect the amount of damaged brain tissue in an isolated head injury. It is reported that an elevated plasma DD level at the time of admission has prognostic value in patients with head injuries3). However, an association between the DD level and the type of brain injury has not yet been documented. Some prior reports have suggested a relation between coagulation-fibrinolysis abnormality and the delayed hematoma in cerebral contusion4,5). In contrast, in cases of diffuse axonal injury (DAI), which is another morphological feature of brain parenchymal injury and characterized by small and scattered hematomas in the white matter, delayed hematomas rarely develop during the course of injury6). The aim of the present study is to clarify differences in coagulation-fibrinolysis aspects, particularly in relation to DD levels, between patients with DAI and those with contusions. The differences may contribute to the lesssevere hemorrhagic nature of DAI.
MATERIAL AND METHODS

Patients and medical management
We enrolled 80 consecutive patients with isolated blunt head trauma who were admitted to the Osaka prefectural 
MRI
Combination MRI scans using fluid attenuated inversion recovery (FLAIR) and T2* weighted gradient echo (T2*) sequences were performed in all patients within two weeks following injury; both of these techniques can be used to detect traumatic lesions with a high degree of sensitivity8). All scans were obtained in the axial and sagittal planes at 1.0T (Siemens Magnetom Impact Expert). The detailed sequence parameters have been described in a previous report6). The location and appearance of intraparenchymal lesions in each patient were assessed by an attending neuroradiologist and two neurosurgeons. The patients were then grouped into three categories: diffuse axonal injury (DAI), cerebral cortical contusion (CON), and no intraparenchymal lesion (NIL). The above categories were defined as follows: DAI, numerous lesions localized only in the white matter (at least one lesion in the cerebral cortico-medullarly junction, corpus callosum, or midbrain); CON, single or multiple lesions sited in the cerebral cortex (involvement of the white matter was allowed); NIL, no visible lesion in the cerebral parenchyma8).
Measurement of the DD level and other coagulationfibrinolysis variables
Blood samples were collected within one hour following injury via a femoral artery puncture, mixed with 3.8% sodium citrate solution, and immediately centrifuged level on admission. In addition, the following coagulation-fibrinolysis variables were measured using the same Clinical assessment The duration of unconsciousness (DOU) and the outcome were assessed for each patient by two consulting neurosurgeons. The duration of unconsciousness was despontaneously. Unconsciousness was defined as coma plus a vegetative state, according to the guidelines of the MultiSociety Task Force on PVS9). The outcome was determined one month after the injury using the Glasgow outcome scale (GOS)10). For statistical comparison, patients with a GOS of no, mild, or moderate disability were classified as having a favorable outcome; those whose outcome was death, a vegetative state, or severe disability were classified as having an unfavorable outcome. tion (SD). Statistical analyses were performed using Stat View (Abacus Concepts Inc), and a probability (p) value of less than 0.05 was considered to be significant. The frequency of each outcome was analyzed using the X2 test. Differences in age, the GCS score, DOU, and coagulationfibrinolysis variables between the three groups were analyzed using the post hoc Scheffe's test for multiple comparison. The correlation between the DD level and the outcome in each group was analyzed using a Mann-Whitney U test.
RESULTS
Patient characteristics
The clinical profiles of the patients grouped according to MRI finding are summarized in Table 1 . All 80 patients were categorized into one of the three groups; the DAI-, CON-, and NIL-groups consisted of 24, 47, and 9 patients, respectively. No significant difference in age or admission GCS score was observed between the three groups. The DOU was calculated for patients who recovered from unconsciousness within one month; patients who recovered from unconsciousness in the DAI-, CON-, and NILgroups were 19, 36, and 9 respectively. The DOU in the DAI-group was significantly longer than those in the CONand NIL-groups (p=0.04 and p=0.01, respectively). The outcome in the DAI-group was also significantly poorer than those in the other two groups (p<0.01). None of the patients in the study population died within a month of their injury.
Intracranial extraparenchymal hematomas were identified as a result of the admission CT scan in 33 patients: 4, Fig. 1 . The admission DD level for each patient group. The DD level in the CON-group was significantly higher than in the other two groups. DAI, diffuse axonal injury; CON, cerebral contusion; NIL, no intraparenchymal lesion.*,** Statistical significant difference.
26, and 3 patients in the DAI-, CON-, and NIL-groups, respectively.
Delayed development or enlargement of an intraparenchymal hematoma was observed in 4 patients, all of whom were in the CON-group.
DD level
The DD level in the CON-group was significantly higher than in the other two groups, as shown in Fig. 1 . The mean tively. The correlation between the DD level and the outcome in the DAI-and CON-groups is shown in Fig. 2 
Other coagulation-fibrinolysis variables
No statistical differences among the coagulation-fibrin- Fig. 2 . The correlation between the DD level and the outcome in the DAI-and CON-groups.
In the DAI-group, no statistical difference in DD levels was observed between the patients with a favorable outcome and those with an unfavorable outcome. In the CON-group, D-dimer level in patients with a favorable outcome was significantly lower than that in patients with an unfavorable outcome. DAI, diffuse axonal injury; CON, cerebral contusion; favorable, the patients with a favorable outcome; unfavorable; the patients with an unfavorable outcome. #Sta-tistically significant difference. Table 2 .
DISCUSSION
The present study shows a difference in plasma DD concentration soon after injury in the DAI-and CONgroups. The DD concentration in the DAI-group was significantly lower than that in the CON-group but was not statistically different from that in the NIL-group. Moreover, the DD level in DAI patients with an unfavorable outcome was almost equal to that in DAI patients with a favorable outcome. These results suggest that coagulationfibrinolysis activity is not as accelerated in DAI patients as it is in patients with contusions and that DD levels cannot predict either severity or outcome in DAI patients. On the contrary, a correlation between elevated DD levels and an unfavorable outcome was clearly observed in the CONgroup. In addition, the larger number of patients in the CON-group, compared with the other two groups, pro- MRI can apparently show the extent of contusional lesions as high-intensity areas on FLAIR images but tends to overlook the small and scattered lesions that are characteristic of DAI. Hence, the extent of DAI brain damage cannot be compared with that produced by contusions using existing imaging modalities; however, we believe that relatively low DD level in patients with DAI originated not from a low amount of damaged brain tissue, but from the pathological characteristics of this injury. Even in the patients with severe DAI conditions, who had extensive white matter injury apparent on their MRI, elevation in DD levels was not so significant as was in the patients with severe contusions (Fig. 3) .
The accelerated coagulation process in head injuries might be ascribed to the release of tissue factor (TF), an initiator of the extrinsic coagulation pathway, from trau- Fig. 3 . Parasagittal FLAIR image obtained in a 18 year old male seven days after injury, showing severe DAI condition. Multiple high intensity lesions are apparent in the frontal corticomedullary junction, the splenium of the corpus callosum, and the superior cerebellar peduncle. In this patient, the plasma level matized brain tissue into the circulatory system15). Although its detailed distribution is still debated, the cellular component of the cerebral cortex has been confirmed to be a prominent site of constitutive TF expression, while the white matter is not17,18). Based on the anatomical location of injuries, this finding is compatible with our result that the coagulation-fibrinolysis cascade is more strongly activated in cerebral contusions than in DAI. On the other hand, an immnohistochemical study has shown that TF is induced in peripheral blood monocytes and vascular endothelial cells in response to various stimuli16).
Since the induction of TF via various stimuli requires at least a few hours, however, this mechanism is unlikely to be related to the immediate activation of the coagulationfibrinolysis cascade after head injury.
Patients with head injury often sustain multiple trauma. We are apt to avoid early surgical treatment for associated non-lethal injuries such as limb fractures, being concerned about delayed cerebral hemorrhage sometimes encountered in cerebral contusions. Although further investigations are needed, the present study may imply the lower risk of delayed hemorrhage particularly in DAI patients.
CONCLUSIONS
In this study, the DD level was sensitive to the features of brain parenchymal injury while other coagulation-fibrinolysis variables were not. The accelerated coagulationfibrinolysis activity, represented as the elevated DD level, was not observed in the patients with DAI to as great an extent as it was in the patients with cerebral cortical contusion.
